In order to develop practical recombinant DNA techniques in the industrially important yeast Candida utilis, at least six plasmids harboring autonomously replicating sequences (ARSs) were isolated from a C. utilis genomic library. Two ARSs were subjected to detailed analysis. Sequences of 1.9 and 1.8 kb were found to be necessary to exert ARS activity in a plasmid as assessed by transformation efficiency and mitotic stability. Both fragments were found to be rich in AT content (69.5% and 70.8% respectively), and to contain an 11-bp ARS consensus sequences (10 and 13 motifs with one base difference respectively). Using the ARScontaining plasmid as a promoter-cloning vector, several DNA fragments having promoter activities were cloned and characterized. Co-transformation of C. utilis with an integrating DNA fragment and a replicating plasmid yielded plasmid-free transformants harboring the fragment integrated into the C. utilis genome.
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The yeast Candida utilis is an industrially important microorganism. Because it does not require expensive growth conditions and does not produce ethanol in strict aerobic culture, it is widely used in the production of chemical reagents, food ingredients, and enzymes including glutathione, amino acids, and RNA. It is also grown on a large scale and used intact as a protein source after drying. Dried C. utilis, Saccharomyces cerevisiae, and Kluyveromyces fragilis have all been approved as food additives by the U.S. Food and Drug Administration. 1) Compared to S. cerevisiae, C. utilis is relatively poorly developed as a recombinant host due to a polyploid genome, lack of a sexual phase, and the limited availability of selectable genetic markers. Auxotrophic mutants of C. utilis have been difficult to obtain due to its polyploidy. To our knowledge, only one study has reported a uracil auxotroph that was isolated following mutagenesis with 1-methyl-3-nitro-1-nitrosoguanidine (NTG) and subsequent selection with 5-fluoroorotic acid (5-FOA).
2) While this mutant is considered to be very useful as a host strain, it is unclear whether the severe mutagenesis induced additional undesirable mutations.
An effective means of transforming C. utilis has been developed using electroporation and a bacterial antibiotic resistance marker that allows integrative transformation.
3) This technique has since been used to obtain heterologous C. uilits constructs overproducing monellin, -amylase, and the carotenoid lycopene. [4] [5] [6] [7] Nonetheless, C. utilis is still relatively unknown genetically. Tools to undertake molecular genetic analysis are lacking. For example, only a few promoters have been isolated from C. utilis. Strong constitutivelyactive, host-derived promoters such as glyceraldehyde-3-phosphate dehydrogenase (GAP) and phosphoglycerate kinase (PGK) are often used to express heterologous genes. A wide selection of such promoters derived from C. utilis should provide an invaluable tool for host improvement.
Autonomously replicating sequences (ARSs) are distributed throughout chromosomes in yeast. Incorporation of ARSs into cloning and expression vectors used in S. cerevisiae and Pichia stipitis, 8, 9) for example, has greatly facilitated complementation analysis, mutational analysis, and expression of heterologous proteins. In a previous study, 10) several C. utilis ARSs were isolated by their ability to provide replicative function in S. cerevisiae, although their activity in C. utilis was not investigated, nor were the sequences provided. Recently, Iwakiri et al. isolated and analyzed several ARSs from C. utilis. 11) These ARSs were then used to clone a drugresistance marker, CuYAP1, and strong C. utilis promoters. 12, 13) Nonetheless, it is likely that not all C. utilis ARSs have yet been found and that their availability would facilitate further genetic analysis and development of this important industrial yeast as a recombinant host.
In this paper, we describe a method of recycling genetic markers and cloning several DNA fragments with promoter activities. Specifically, new ARS were cloned and sequenced to reveal regions with replication ability. Several DNA fragments having promoter activity were then cloned using ARS-containing plasmids, and co-transformation was carried out targeting the ribosomal DNA (rDNA) region.
Materials and Methods
Strains and media. Candida utilis ATCC 9950, 9226, 9256, and KP-2059 strains and Saccharomyces cerevisiae S288C were used. The cells were cultured at 30 C in YPD medium (1% yeast extract, 2% peptone, and 2% dextrose). Solid media were made with 2% agar. G418 (Geneticin, Sigma-Aldrich, St. Louis, MO) was added to YPD at a final concentration of 200 or 400 mg/ml to select transformants carrying the APT gene. CYH (Cycloheximide, Sigma-Aldrich) was added to YPD at a final concentration of 40 mg/ml to select for L41 y To whom correspondence should be addressed. Fax: +81-45-788-4042; E-mail: Shigehito Ikushima@kirin.co.jp Abbreviations: kb, kilo-base pair; G418 r , G418-resistant; G418 s , G418-sensitive; HygB r , hygromycin B-resistant mutants. HygB (hygromycin B, Wako Pure Chemical Industries, Osaka, Japan) was added to YPD at a final concentration of 800 mg/ml to select for transformants carrying the HPT gene.
À ) (Toyobo, Osaka, Japan) served as a plasmid host. E. coli was grown in LB (1% tryptone, 0.5% yeast extract, and 1% NaCl) containing 50 mg/ml of ampicillin, and was transformed by standard methods. 14) Recombinant DNA techniques. Recombinant DNA techniques were applied by standard methods, 14, 15) or as instructed by the suppliers. Inverse PCR was carried out as follows: C. utilis ATCC 9950 genomic DNA was digested with BglII and circularized by selfligation. The circularized DNA (30 ng) was used as a template to amplify the downstream promoter region cloned in a plasmid pPCV19 (described below), using primers IM-419 (5 0 -CTCGAAGAGAGCT-GTCGTTG-3 0 ) and IM-422 (5 0 -GTTTCTAACATGCCAGAAGG-3 0 ). PCR was performed with LA-Taq polymerase (TAKARA BIO INC. Shiga, Japan) according to the manufacturer's instructions. A PCR product of about 1.2 kb was cloned in pCR2.1-TOPO vector (TOPO TA Cloning Kit; Invitrogen Corp. Carlsbad, CA, USA) and sequenced.
Southern hybridization analysis. Southern-blot hybridization was performed following the manufacturer's instructions. DNA was digested with selected restriction enzymes and separated in 1% agarose gels. After electrophoresis, the gels were incubated in 0.25 M HCl for 15 min with shaking, followed by denaturation and capillary blotting of DNA onto a Hybond N+ nylon membrane (GE Healthcare UK Ltd., Buckinghamshire HP7 9NA, England). Probe DNA labeled with the Megaprime DNA labeling system and [-32 P]dCTP (110 TBq/mmol) was added to the hybridization solution, and hybridization was performed at 65 C for 16 h. After hybridization, the membranes were washed in 1 Â SSC or 0:1 Â SSC containing 0.1% SDS at 65 C for 2 h, and then subjected to autoradiography.
Transformation of C. utilis. Yeast transformations were carried out by electroporation as described by Kondo et al., 3) except for the first screening of ARS-containing plasmids from the C. utilis DNA library. In that first screening, the ATCC 9950 strain was usually transformed with 3 mg of DNA solution under the following four conditions: a capacitance of 25 mF, a resistance of 800 or 1,000 , and a voltage of 3.75 KV/cm or 5 KV/cm, unless otherwise specified. A 4-h post-pulse growth period was used.
Construction of plasmids. A plasmid pGKAPH2 (Fig. 1A) was constructed as follows: a 3.3-kb NotI fragment called ''L-PGP,'' containing the PGK gene promoter, the aminoglycoside phosphotransferase derived from transposon Tn903 (the APT gene), which confers resistance to G418, and the PGK gene terminator was excised from plasmid pGKAPH1 16) and inserted into the NotI site of pBluescriptSK-(Stratagene Products Division, Agilent Technologies, La Jolla). pGKAPH3 (Fig. 1B) was constructed by treating EcoRI-digested pGKAPH1 with Klenow enzyme to form blunt ends, to which NotI linkers were subsequently ligated (the EcoRI site in pGKAPH1 is within the promoter region).
To construct pCRB3, a BamHI linker was added to the XbaI-EcoRI fragment corresponding to rDNA from pCLRE7, 16) and the resulting DNA was inserted into the BamHI site of pUC9 (GenBank Accession no. L09128). pCRB30 was constructed as follows: pCRB3 was partially digested with EcoRV and treated with Klenow enzyme to form blunt ends, to which NotI linkers were ligated. The 3.2-kb NotI fragment containing an expression cassette with the HygB phosphotransferase (HPT) gene was isolated from pGKHPT1 17) and inserted into the NotI site of pCRB30 to construct pCRHPT30 (Fig. 1C) .
Plasmids for measuring promoter activity were constructed as follows. An approximately 1.1-kb DNA fragment having promoter activity and the 0.97-kb GAP promoter were obtained by NotI-XbaI digestion of pPCV19 (described below) and pGAPPT10. 16) These fragments were then inserted into pCLLAC1 (Fig. 1D ) 16) previously digested with XbaI and partially digested with NotI, yielding pLACP19 and pLACPGAP respectively. AflII-digests of these three plasmids were used to transform C. utilis. Transformants were selected in CYHcontaining medium.
C. utilis DNA library for ARS cloning. Genomic DNA from Candida utilis ATCC 9950 was partially digested with Sau3AI and 3-7 kb fragments were inserted into BamHI-digested pGKAPH2 (Fig. 1A ). E. coli was transformed with the DNA, and approximately 30,000 ampicillin-resistant colonies were obtained.
ARS-containing plasmids pCARS6 and pCARS7 were digested with NotI and re-circularized in order to remove the 3.3-kb L-PGP fragment. The resulting plasmids were partially digested with Sau3AI to collect 1-3.5 kb fragments, which were inserted into BamHIdigested pGKAPH2. E. coli was transformed with the resulting two DNA solutions, and the plasmid DNA mixtures were extracted from 2,500-6,000 transformants to construct DNA libraries.
Deletion derivatives of C. utilis ARS. From the aforementioned libraries, two kinds of plasmids bearing highly active ARSs (equivalent to the original) were obtained: pCARS6-2 and pCARS7-2, derived from pCARS6 and pCARS7 respectively.
Three plasmids, pCARS6-21, pCARS6-22, and pCARS6-23, which contained the truncated ARS fragments of pCARS6-2, were constructed as follows: The L-PGP fragment was removed from pCARS6-2. The resulting plasmid, pCARS6-20, was digested with AflII and XbaI, treated with Klenow enzyme, and then re-circularized with T4 DNA ligase. The 2.4-kb NotI fragment, called ''S-PGP,'' containing the APT gene driven by the shortened PGK gene promoter was excised from pGKAPH3 ( Fig. 1B ) and inserted into a NotI site of the resulting plasmid to construct pCARS6-21. pCARS6-20 and pCARS6-21 were digested with HindIII, recyclized with T4 DNA ligase, and then ligated with the NotI S-PGP fragment to construct pCARS6-22 and pCARS6-23 respectively.
Five plasmids containing parts of the approximately 3.5-kb ARS fragment of pCARS7-2 were prepared according to the following procedures: The NotI L-PGP fragment was deleted in pCARS7-2, and the resulting plasmid was digested with XbaI, re-circularized with T4 DNA ligase, and ligated to the NotI S-PGP fragment to yield pCARS7-4. Three fragments, the 1.8-kb EcoRV-HindIII fragment, the 1.2-kb XbaI-HindIII fragment, and the 1.6-kb HindIII-BglII fragment, were prepared from pCARS7-2 and inserted into the corresponding gaps of pBluescriptIISK-. The S-PGP fragment was ligated with the three resulting plasmids to construct pCARS7-6, pCARS7-7, and pCARS7-8.
Construction of DNA library for promoter cloning. An approximately 1.9-kb SacI-SmaI fragment having autonomous replication activity was obtained by cleaving pCARS6-20. This fragment was ligated into plasmid pAPH1, 16) which was then digested with EcoRI and treated with Klenow enzyme to form blunt ends, followed by digestion with SacI to construct pPCV1. Then pPCV1 was digested with BamHI, treated with Klenow enzyme, and ligated with HpaI linkers to construct pPCV2 (Fig. 1E) .
Total DNA from the ATCC 9950 strain was partially digested with a mixture of RsaI, HaeIII, and AluI, followed by electrophoretic fractionation in order to collect fragments ranging in size from 0.9 to 1.8 kb. The fragments and plasmid pPCV2, treated with both HpaI and alkaline phosphatase, were then ligated with T4 DNA ligase. E. coli was transformed with the ligation mix, and the resulting mixture of plasmids, extracted from about 100,000 transformants, constituted the promoter-cloning library.
Plasmid-stability assay. G418-resistant transformants were inoculated into 4 ml of YPD and cultured with shaking at 30 C for 8 h to allow 2.5-3.5 doublings based on OD 600 values. The cells were then spread onto YPD and YPD containing G418. After 2 d of growth, the ratio of the number of colonies counted on YPD with G418 to the number on YPD without G418 was calculated. Mitotic plasmid stability was determined by assaying at least three independent transformants per plasmid. The values reported are means.
Assay of -galactosidase in yeast. -galactosidase was assayed according to a standard protocol. 15) A fresh stationary-phase culture of yeast was inoculated into 3 ml of YPD containing 40 mg/ml of cycloheximide and grown overnight at 30 C. The overnight culture was then used to inoculate 5 ml of YPD to an OD 600 = 0.2, which was grown at 30 C for 6 h. Crude protein was then extracted and measured using a commercial kit (Bio-Rad Laboratories, Hercules, CA).
18)
Nucleotide sequence accession numbers. The DNA sequences subcloned into pCARS6-2 and pCARS7-6, which have autonomous replicating activity, have been deposited in the DDBJ/EMBL/GenBank database under accession nos. AB445111 and E11626. DNA sequences having promoter activity and the Candida utilis ORC1 gene were given accession nos. AB445112 and AB445113 respectively.
Results
Cloning of C. utilis ARS C. utilis ATCC 9950 was transformed with a DNA library constructed by inserting partially digested fragments of ATCC 9950 genomic DNA into pPGAPH2, which has a G418 r dominant marker (APT gene) but lacks a C. utilis origin of replication. Seven G418-resistant colonies were obtained and grown in YPD containing 400 mg/ml of G418. Total DNA was prepared from each strain to transform E. coli DH5. Digestion of the seven plasmids with various restriction enzymes revealed that all of them carried 5-to 7-kb inserts and that there were at least six different types. Retransformation of ATCC 9950 with the six plasmids yielded G418-resistant colonies in all cases. We concluded that each plasmid carried inserts harboring ARS. Two plasmids (pCARS6 and pCARS7) were selected for further analysis because their transformation efficiency was relatively high and the colony size of the transformants was equal to that of a strain harboring a chromosomal APT expression cassette (data not shown).
Estimation of copy number of pCARS6 and pCARS7 in C. utilis Total DNAs prepared from ATCC 9950 strains transformed with pCARS6 and pCARS7 were digested with EcoRV and NotI, and Southern analysis was conducted using a 0.9-kb XbaI-NotI PGK terminator fragment excised from pGKPT4 as a probe (Fig. 2) . In the parent ATCC 9950 strain, an approximately 7-kb band derived from the endogenous PGK gene was observed (lane 3). In both transformants, a 3.3-kb band derived from each plasmid was observed in addition to the 7-kb band. According to a previous report in which ATCC 9950 was determined to be diploid based on analysis of the L41 locus, 3) it was assumed that the 7-kb band corresponded to two copies of the PGK gene per cell. By comparing the densities of the 7-and 3.3-kb bands, the copy numbers of pCARS6 and pCARS7 were calculated to be 1 (lane 1) and 0.4 (lane 2) respectively. This suggests that both are low copy number plasmids that are unstable during growth. The ARSs in pCARS6 and pCARS7 were designated CuARS1 and CuARS2 respectively.
Derivation of pCARS6-2 and pCARS7-2 DNA libraries prepared from pCARS6 and pCARS7 (see ''Materials and Methods'') were used to transform ATCC 9950 in order to identify sequences with ARS activity. G418-resistant colonies had a variety of sizes, and five transformants from each library that produced relatively large colonies were regrown in YPD containing 200 mg/ml of G418. The total DNA isolated from these transformants was used to transform E. coli. DNA from some of the G418-resistant yeast transformants failed to yield E. coli transformants and were not analyzed further. Finally, two plasmids were obtained (pCARS6-2 derived from pCARS6, and pCARS7-2 derived from pCARS7) for which the transformation efficiencies were found to be similar to those of the parent plasmids. A, pGKAPH2: the BamHI site was used to clone ARS. B, pGKAPH3: An APT expression cassette is inserted between the NotI sites. C, pCRHPT30: the BamHI-digest was used in co-transformation. D, pCLLAC1: the PGK promoter was replaced with a P19 fragment (described below) and the GAP promoter, to construct pLACP19 and pLACPGAP respectively. E, pPCV2: the HpaI site was used in promoter cloning.
Subcloning region with ARS activity in pCARS6 and pCARS7
Restriction enzyme analysis of plasmid pCARS6-2 revealed an insert of about 1.9 kb. In order further to define the region with ARS activity in pCARS6-2, three plasmids were constructed by trimming the inserted fragments: pCARS6-21 (1.2 kb), pCARS6-22 (1.3 kb), and pCARS6-23 (630 bp). Restriction maps of the inserts are shown in Fig. 3A .
C. utilis ATCC 9950 was then transformed with the various plasmid DNAs. Figure 3A shows the transformation efficiency determined from the mean number of G418-resistant colonies and the mitotic stability of each plasmid in the yeast. Plasmids pCARS6-21 and pCARS6-22, in which the inserts had been trimmed from both ends, exhibited large decreases in transformation efficiency, although pCARS6-21 had stability similar to that of pCARS6-2. When the inserted fragment was trimmed to 0.6 kb (pCARS6-23), transformation efficiency decreased to about 1/370 of that of pCARS6. These results indicate that CuARS1 in pCARS6 cannot be reduced in length to less than about 1.9 kb without losing activity.
The fragment cloned in pCARS7-2 was found to be 3.2 kb by restriction analysis. Using a strategy similar to that described for the analysis of pCARS6, five plasmids containing sub-fragments of the 3.2-kb region were constructed, and were designated pCARS7-2 (3.2 kb), pCARS7-4 (2.0 kb), pCARS7-6 (1.8 kb), pCARS7-7 (1.3 kb), and pCARS7-8 (1.6 kb) (Fig. 3B) . ATCC 9950 was transformed with each plasmid, and the transformation efficiencies and mitotic stability were examined (Fig. 3B) . The transformation efficiency of pCARS7-2 and pCARS7-6 decreased to about 60 and 30% as compared to that of pCARS7, but the stability of these two plasmids was not reduced. pCARS7-7, bearing a smaller subclone, yielded a transformation efficiency about 50% of that of pCARS7-6, and generated tiny colonies that exhibited poor stability. Transformation efficiency was poor with pCARS7-8, and no transformants were obtained with pCARS7-4. These results indicate that CuARS2 in pCARS7 can be shortened to a fragment of about 1.8 kb, but with some loss of transformation efficiency.
Characterization of active ARS sequences
The subcloned regions in pCARS6-2 and pCARS7-6 were sequenced (Fig. 4) . The pCARS6-2 insert comprised 1,920 nucleotides with A + T comprising 69.5% of the total bases, while the pCARS7-6 insert was 1,798 bp with A + T comprising 70.8% of the total bases. These values are much higher than the average content of C. utilis, 54.2-54.9%.
19) An 11-bp sequence (T/A)TTTA(C/T)(A/G)TTT(T/ A), referred to as an ARS consensus sequence (ACS) in
S. cerevisiae, was sought.
20) The C. utilis ARS fragments were found to contain several ACS-like sequences that differed by one base from the ACS. Ten ACS-like sequences in pCARS6-2 and 13 in pCARS7-6 were found, with some mutual overlapping (Fig. 4 ). An Abf1-binding motif, (A/G)TC(A/G)(C/T)NNNNNACG, in S. cerevisiae, which works as an enhancer of replication, was also sought in the C. utilis ARS. 21) Highly homologous sequences, in which 11 of 13 bp matched, were found in each fragment (Fig. 4) .
Detection of CuARS1 and CuARS2 in C. utilis and S. cerevisiae
We investigated to determine whether DNA sequences complementary to CuARS1 and CuARS2 existed elsewhere in the C. utilis genome or in the genome of S. cerevisiae. A major 2-kb band expected from the restriction map of pCARS6 for CuARS1 was observed in all C. utilis strains (Fig. 5A, lanes 1, 2, 3, 4) . On the other hand, no obvious band was detected in the S. cerevisiae S288C genome (Fig. 5A, lane 5) .
With respect to CuARS2, the probe DNA hybridized to multiple sites in the genomic DNA from both C. utilis and S. cerevisiae, in addition to a major 2.5-kb band that was expected from the restriction map of pCARS7 (Fig. 5B) . These results suggest that CuARS2 is highly conserved. A high-stringency wash removed all but the strongest hybridizing signals (Fig. 5C ).
Cloning of DNA fragments with promoter activity In order to clone DNA fragments with promoter activity, the ATCC 9950 strain was transformed with the promoter-cloning library (20-25 mg of DNA per pulse) with subsequent selection of transformants on YPD containing 200 mg/ml of G418. Because the pPCV2 plasmid lacked a promoter driving expression of APT, it was assumed that transformants would harbor fragments with promoter activity. Repetitive transformations gen- erated 380 colonies from 280 mg of DNA. Twelve transformants that formed relatively large colonies were selected, and they exhibited good growth on YPD containing 1 mg/ml of G418. Plasmids were recovered from the yeast transformants by shuttling them through E. coli. Partial sequences of the insert DNA (data not shown) revealed at least nine kinds of fragments having promoter activity. When the ATCC 9950 strain was transformed individually with the nine plasmids, 6,000-10,000 G418-resistant colonies were obtained per plasmid. Two transformants per plasmid and pCARS6-2 were grown overnight in 5 ml of YPD (a nonselective medium) and then streaked for isolated colonies on YPD plates. Ten colonies of each of the 20 clones were grown on YPD plates containing G418 in order to evaluate the mitotic stability of the plasmids. While pCARS6-2 had a plasmid retention rate of 5%, all of the other plasmids were maintained at higher rates. In particular, pPCV10, pPCV19, and pPCV64 had high retention rates, ranging from 80 to 85%. These results suggest the possibility that the inserts not only harbor promoter activity but also provide replicative stability to the plasmids.
Analysis of a newly cloned promoter in pPCV19 pPCV19 was examined in greater detail because of its relative stability and because the insert it harbored was smaller than in pPCV10 and pPCV64. The entire sequence cloned in pPCV19 (called P19) was found to consist of 1,054 nucleotides (Fig. 6) , excluding the sequence downstream of the insert obtained by inverse PCR.
In the putative promoter region, we found several candidate sequences highly homologous to cis-elements of S. cerevisiae promoters (Fig. 6) . One was the Rap1-binding box (RPG box) which had consensus sequence, ACACCCATACATTT.
22) The other was the Gcr1-binding motif, GGCTTCC(A/T)C. 23) Although the sequence data did not contain termination codons, the predicted partial amino acid sequence (329 amino acids, accession no. AB445112) was analyzed by the InterProScan Sequence Search program at the European Bioinformatics Institute (http://www. ebi.ac.uk/InterProScan/index.html). The predicted protein was found to share a motif common to homoserine acetyltransferase. A homology search (FASTAp) indicated homology with S. cerevisiae Met2p, but with low similarity, <35%.
pCLACP19 was constructed in order to evaluate the promoter activity of the P19 fragment by assaying -galactosidase in C. utilis. As a control, the activities of the approximately 1.3-kb PGK promoter and the 0.97-kb GAP promoter in pCLLAC1 and pLACPGAP respectively were assayed as well. Log-phase transformants of the plasmids were harvested and -galactosidase activities were determined. As shown in Table 1 , the activity of P19 was about two-thirds and 7-fold that of the GAP and PGK promoters respectively.
Co-transformation of C. utilis We attempted to obtain genetically-improved strains of C. utilis by co-transformation. Strain ATCC 9950 was co-transformed with a mixture of the circular plasmid pPCV19 (0.1 mg) and BamHI-treated pCRHPT30 (10 mg) to target integration of a hygromycin B (HygB)-resistance marker to the rDNA region. About 9,700 colonies were obtained on YPD plates containing 200 mg/ml of G418. A total of 1,680 G418-resistant clones were replica-plated onto YPD containing 800 mg/ml of HygB. The ratio of HygB-resistant to G418-resistant clones was found to be 28%. Strains initially resistant to both drugs were cultured under nonselective conditions to make possible the isolation of 
G418
s HygB r strains. Total DNA from the four strains was isolated and analyzed by Southern blot hybridization using the PGK terminator as a probe. In all the transformants, a 3.8-kb band derived from pCRHPT30 was observed as well as a 2.55-kb band derived from the native PGK gene (Fig. 7) , indicating that the expected transformants were obtained. Furthermore, the HygBresistance phenotype was stably maintained (>80% of cells) in three of the four transformants after 50 generations of growth in YPD.
Discussion
While the yeast C. utilis is used in a variety of industrial applications, it is relatively undeveloped as a recombinant host. In the present report we describe a useful ARS-mediated host-vector system in order to develop improved strains.
At least six plasmids harboring ARS were obtained by the use of a G418-resistance marker. Two plasmids, pCARS6 and pCARS7, were analyzed in greater detail. Both were found in low copy numbers in C. utilis transformants (Fig. 2) . The G418-resistant phenotype of the transformants was very unstable; that is, the markercontaining plasmids were lost from the yeast cells after growth under nonselective conditions, suggesting an episomal location. Furthermore, when cycloheximideresistance was used to select transformants that required multiple copies of a mutant allele of L41, none was obtained (our unpublished results). These results suggest that the plasmids isolated cannot be maintained at high copy numbers in C. utilis, unlike in S. cerevisiae and P. stipitis. 8, 9) The insert DNAs in pCARS6 and pCARS7 were about 5.7 and 5.1 kb, and the ARSs in them were named CuARS1 and CuARS2 respectively. The regions responsible for autonomous replication were delimited. CuARS1 reduced to no less than about 1.9 kb and CuARS2 to no less than about 1.8 kb, providing for relatively high plasmid stability (Fig. 3) . Iwakiri et al. have reported that fragments of about 1.5 and 0.55 kb yielded more than 10 3 -10 4 transformants per mg of DNA by the lithium acetate method using the original ARS3 and ARS4 clones respectively.
11) The transformation efficiencies of CuARS1 and CuARS2, shown in Fig. 3 , are comparable with those of ARS3 and ARS4, 11) although the values can depend on the methods and conditions of transformation, the strains used as hosts, and so on.
Our results suggest that a relatively long region was necessary for autonomous replication in C. utilis. The sizes of these four C. utilis ARSs were larger than that found in S. cerevisiae (100-150 bp), Kluyveromyces lactis (103 bp) and Candida albicans (709 bp), 20, 24, 25) and they were more similar to that found in Schizosaccharomyces pombe (500-1,500 bp).
26) ARS3 and ARS4 have been reported to have several sequence motifs similar to those in S. cerevisiae, 11) including a highly-homologous sequence with an 11-bp ARS consensus and candidates for an Abf1-binding factor, although it remains unknown whether they have replication ability in S. cerevisiae. CuARS1 and CuARS2 were also found to have the aforementioned two kinds of motifs (Fig. 4) , but neither CuARS1 nor CuARS2 was found to lack essential elements of replication ability in S. cerevisiae (data not shown). Clusters of adenines and thymines with a corresponding A/T-rich bias in base composition were also found, and are known to be essential to DNA replication in the S. pombe ars2004.
27)
As previously described, 28) the eukaryotic origin recognition complex (ORC) is a central component in DNA replication, and it binds preferentially to A/T-rich sequences. One subunit, Orc1, exhibits ATPase activity, and the ATP binding site in Orc1 is required for ORC function. Orc1 sequences for S. cerevisiae, K. lactis, C. albicans, and S. pombe (SpOrc1) (deposited in the DDBJ/EMBL/GenBank database under accession nos. AAB38248, CAH02150, EAL02420, and CAA22443 respectively) were subjected to the InterProScan Sequence Search program. All were found to have a bromo adjacent homology domain at the Nterminus and an AAA-superfamily ATPase domain in the C-terminal half of the proteins. Only SpOrc1 was different, having an A/T-hook motif (DNA binding motifs with a preference for A/T-rich regions) between the aforementioned motifs. C. utilis Orc1 (CuOrc1, 816 amino acids), obtained by an inverse-PCR method (our unpublished results, accession no. AB445113) was found to resemble SpOrc1 closely. These observations suggest that the physical interactions between DNA and ORC in C. utilis are similar to those in S. pombe.
Nine types of DNA fragments having promoter activity were then isolated using a replicative plasmid harboring a promoter-less APT ORF. Iwakiri et al. cloned two strong promoters from a protein component of the 60S ribosomal subunit by a similar strategy.
11)
Because we also found that pPCV64 harbored an insert that was partially homologous to S. cerevisiae RPL22, encoding a ribosomal protein subunit (data not shown), genes for the ribosomal components might be cloned easily by this method. One explanation is that the promoters of these genes are highly active and hence increase the transformation efficiency and replicative stability of the resulting plasmids. To our knowledge, this is the first study in which non-ribosomal encoding fragments were cloned, because sequence analysis revealed that the fragment in pPCV19 (P19) contained a putative promoter cis-element subsequently deduced to belong to the MET2 promoter. The activity of P19 was relatively high, comparable to those of the GAP and PGK promoters. While these strong promoters are likely to be most active during rapid cell growth, optimal expression does not necessarily equate to strong expression, because growth inhibition can sometimes be induced. 29) The promoter activity of sequences cloned but not characterized in the present study are currently being evaluated, including one with lower activity than the PGK promoter (data not shown).
A C. utilis strain was successfully co-transformed with a mixture of an rDNA-integrative fragment harboring HygB r and a replicating plasmid carrying G418 r . The transformation efficiencies were found to be much higher than reported by Watari et al., 30) who conducted a similar experiment with a brewing strain of S. cerevisiae and observed a transformation efficiency of <0:1%. One explanation for this difference in transformation efficiency is that the multi-copy rDNA locus is preferable to the low-copy ADH1 integration target used by Watari et al. 30) The integrative DNA fragment used in their study lacked a selectable marker with the useful property of allowing genetic alterations without the inclusion of foreign DNA. This technique is considered very useful because it can be used to obtain yeast strains by self-cloning with the possibility of recycling selectable markers for multiple transformations. 31) As previously reviewed for plants, 32) we also observed relatively high co-transformation efficiencies. The molecular techniques developed in the present study should provide important tools for constructing genetically-modified strains of C. utilis that do not contain foreign DNA.
